This paper deals with numerical approximations of electromagnetic phenomena, which described by Maxwell's equations,. A two time-level difference scheme (TTLD) is introduced for solving Maxwell's equation as wave equation; this is to reduce the large computational and storage costs of Yee scheme. Convergence and stability conditions have been studied. The comparison with Yee scheme is presented.
2-Maxwell's Equations
Let Ω×T be the Cartesian product of a bound simply-connected domain Ω and a non-negative time interval T. Let Ω, have a smooth or a polygonal boundary Γ. Electromagnetic phenomenon in Ω×T can described by the differential equations (4) Equation (1) and equation (2) are Faraday and Amper's laws of Maxwell's equations. E is the electric field, H is the magnetic field, J is the total electric current density, μ is the magnetic permeability, we assume that (6) Since the electric field and magnetic field travel perpendicular to one another, thus their dot product must be zero. The solution of Maxwell's equations means the computation of the field strengths using the material parameters and some initial and boundary conditions. For simplicity we suppose that there are no conductive currents and free charges in the computational domain, thus we must solve only the system consisting of equation (1) and equation (2) without electric conductive current density, [7] . The magnetic field well be constrained to two dimensional (x-y)-plane. The electric field is then constrained to the z direction. Hence equation (5) and equation (6) 
The above set of equations usually referred to as the transverse magnetic (TM) mode [10] . Most (FDTD) scheme solves the time-dependent Maxwell equations using algorithms based on Yee scheme. A limitation of Yee scheme techniques is that their stability is conditional, [7] .
3-Finite-Difference Time-Domain Method (FDTD)
The time-dependent Maxwell's equations (in partial differential form) are discredited using centraldifference approximations to the space and time partial derivatives. The resulting finite-difference equations are solved in a leapfrog manner. The electric field vector components in a volume of space are solved at a given instant in time, then the magnetic field vector components in the same spatial volume are solved at the next instant in time; and the process is repeated over and over again until stop. [1] , [3] , [9] , [10] , [13] , and [14] .
Two Time-Level Finite Difference Scheme (TTLD)
In this paper, Maxwell's equations are solved using a simple finite difference scheme without using leapfrog manner. The solution is computed as follows.
1. Elimination of H (or E) in equation (1) and equation (2) to obtain the wave equation (This is to reduce the large computational and storage costs of Yee scheme) 2. Determine a finite difference scheme which will be used to solve the reduced set of equations. 3. Studying convergence, consistency and stability for the proposed scheme. 4 . If we take the time derivative of Faraday and Ampere's in Maxwell's equation and assume that the material properties are time independent, we obtain Now, equation (10) is used to find approximate solution for electric field in z direction. Equations (11) and (12) are used together to find an approximate solution of the magnetic field. By using equation (10) (10), we may show that
The Wave Equation
μ . Equation (13) 
Analytical treatment of consistency
The convergence of the solution of an approximating set of linear difference equations, (13), to the solution of a linear partial differential equation (10) 
Substitution into equation (13) 
converges to the exact solution as Δt and h tends to zero. z E
Computational Cost Comparisons
We consider a test case with the following boundary and initial conditions: 
Conclusion
The present study shows that the CPU time needed to achieve the same accuracy in Yee scheme is more than two times larger than required for TTLD scheme, this is due to the large computational and storage costs of Yee scheme.
